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Abstract 

Using vector meson dominance we calculate the 77 total cross section from 
data on pp, pp and 7p total cross sections. Our result agrees with recent high 
energy measurements performed by the L3 experiment at the LEP collider, 
not with the conflicting preliminary data obtained by OPAL. 
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Two experiments at LEP have measured the high energy 77 total cross section [|TJ. 
While these measurements yield new information on its high energy behavior at center-of- 
mass energies in excess of \fs = 15 GeV, they may represent the last opportunity to measure 
the 77 cross section, and the two data sets unfortunately disagree. We here point out that 
a simultaneous analysis of pp, pp, jp and 77 total cross sections in the framework of vector 
dominance (VMD) nicely accommodates the L3 measurements. The analysis is sufficiently 
restrictive to exclude the preliminary OPAL results. 

We have performed a simultaneous analysis of all data on forward scattering amplitudes 
involving hadrons and photons in the context of a model where high energy cross sections 
rise as a consequence of the increasing numbers of soft quarks and gluons populating the 
colliding particles ||. This idea is implemented in an eikonal formalism where the total 
cross section is given by 

a tot (s) = 2P had J [l - e-»(s, b) cos(xr(s, &)] d 2 b, (1) 

with the eikonal x given by &) = xn( s ,b) + ixi(s,b). Here b is the impact parameter 
and Phad the probability that the particle interacts as a hadron. Its value is obviously one 
for the proton and antiproton, and of order a when the particle is a photon. Its value can 
be obtained from VMD. We will use the value Phad — 1/240 for 7p collisions and, therefore, 
-Phad = (1/240) 2 for 77 collisions. 

The eikonal x receives contributions from quark-quark, quark-gluon and gluon-gluon 
interactions, therefore 

XO, 6) = Xqg(s, b) + Xgg(s, b) + Xgg(s, 6) 

= A(p w , b)a qq (s) + Ai^/^gqfigg, b)a qg (s) + A(ji gg , b)a gg (s) , (2) 

where A(fi, b) is the overlap function in impact parameter space and the cross sections 
of the colliding partons. We simply parametrize A(fi, b) as the Fourier transform of a dipole 
form factor 

Afab) = ^-^b) 3 K 3 (tib) , (3) 

where K$(x) is the modified Bessel function of second kind. Since the "size" of quarks and 
gluons in the proton can be different, we obtain \i qq = 0.89 and fi gg = 0.73. This model 
where hadrons asymptotically evolve into black disks of partons nicely accommodates all 
data on pp and pp total cross sections as well as measurements of the differential elastic 
cross section and of the real-to- imaginary part of the forward scattering amplitude ||]. The 
results shown in Fig. 1 have been updated for a new measurement of the pp total cross 
section at the Fermilab collider [|J. 

Following reference [0] we obtain jp and 77 total cross sections from the assumption 
that, in the spirit of VMD, the photon is a 2 quark state in contrast with the proton which 
is a 3 quark state. The 7^ total cross section is obtained from the even eikonal (used in the 
pp and pp fit of Fig. 1) by the substitutions: 

2 

a ij 3 V 
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To obtain the 77 total cross section, we now substitute 



Vij — 9 ij 
3 

into the nucleon-nucleon even eikonal. 

The results are shown in Figs. 2, 3. The agreement with data is impressive. The formal- 
ism also accommodates the HERA measurements of elastic p photoproduction. It is clear 
that VMD selects the L3 and rejects the preliminary OPAL results [[L]]. 

We have performed this analysis using the model of reference 0, and repeated it by 
performing a calculation of the parton cross section in the mini-jet model M. The conclusions 
are identical and the fits indistinguishable. Details will be published elsewhere ||. 
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FIG. 1. The total cross section for pp and pp scattering in mb, a vs y/s, the center-of-mass 
energy in GeV. The solid line and squares are for pp scattering and the dotted line and circles are 
for pp scattering. 




FIG. 2. The total jp cross section in mb, cr{jp) vs y/s, the center-of-mass energy in GeV. 
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FIG. 3. The total 77 cross section in nb, (7(77) vs y/s, the center-of-mass energy in GeV. 
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